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Filaments of 100-A diameter have been identified 
in a variety of cells (e.g., fibroblasts, macrophages, 
neurons) (2, 4, 5, 7, 13, 15, 18) by an ultrastructure 
and  distribution pattern  that  distinguishes them 
from  microtubules (250  A),  thick  (myosin-like) 
filaments (150-220  A.), and thin (actin-like) fila- 
ments (50-70 A). These filaments, of still unknown 
function  and  chemical  composition,  are  located 
usually in the center of cells rather than near the 
plasma  membrane (4,  5,  13), do  not  react  with 
cytochalasin (13)  or  heavy  meromyosin (7,  14), 
and,  in neurons, lack colchicine- and nucleotide- 
binding capacity (6,  16). In the present study, these 
100-A filaments were studied in the melanocytes of 
human skin. To examine the role of these filaments 
in melanin pigmentation, the skin was exposed to 
ultraviolet (UV) light. 
MATERIALS AND  METHODS 
Investigation of the nature and function of 100-,~ fila- 
ments was carried out by exposing the melanocytes in 
human skin (21  adult volunteers: 9 caucasoids, 6 mon- 
goloids, and 6 negroids) to two types of UV light and to 
two chemicals. Least-exposed (buttock) skin and habitu- 
ally exposed (forearm) skin were irradiated with either 
long UV plus visible light (340-600 nm) for 20-30 rain or 
middle UV (280-340 nm) for 3 min to induce immediate 
(IT) and delayed (DT) tanning. IT occurs within a matter 
of minutes after exposure and fades within 3  24 h; it is 
related  to  translocation  and  the  photo-oxidation  of 
the  pre-existing melanosomes in the  skin. DT  occurs 
after 48-72 h and lasts for 2-3 wk; it is related to an 
increase in the  number of newly synthesized melano- 
somes in the skin (8). 
In vitro studies were carried out by incubating sliced 
human skin with cytochalasin-B (cyto-B) and vincristine 
sulfate (VCR) (5  10 ~tg/ml) separately for 3 h at 37~ 
(10). For histochemical visualization of melanocytes, the 
specimen was  prepared by  splitting epidermal tissues 
with  NaBr  and  incubating  them  in  3,4-dihydroxy- 
phenylalanine (DOPA)  solutions (8). Electron micro- 
scope  studies were done  on  tissues fixed with Kar- 
novsky's solution (9). 
RESULTS 
Distribution Pattern of I00-.4 Filaments 
before and after UV Irradiation 
BEFORE  IRRADIATION"  The "split" epider- 
mal sheets showed that the human melanocytes of 
nonexposed  skin  contain  poorly  developed  den- 
dritic  processes  (Fig.  l  a).  These  melanocytes 
contained 100-A filaments (i 14 :~ 27 A in diame- 
ter).  The  100-A  filaments were  abundantly and 
characteristically  located  around  the  nuclei,  to- 
gether  with  melanosomes  (Fig.  2  a-c).  In  the 
buttock skin, these two organelles were not observ- 
able along the periphery of the perikaryon or in the 
dendrites.  In  the  habitually exposed  skin of the 
forearm, however, they were present in other parts 
of the  perikaryon,  as  well  as  in the  perinuclear 
area,  but were  hardly seen in the dendrites. The 
THE JOURNAL OF CELL BIOLOGY  ￿9  VOLUME 65, 1975 ￿9 pages 481-488  481 FIGURE  1  Melanocytes  in  split-DOPA  preparations  before  and  after  UV  irradiation.  Biopsies  were 
obtained  from  the  buttock  skin  of the  same  caucasoid  subject.  (a)  Before irradiation,  x  350.  (b) An 
immediate tanning reaction biopsied immediately after irradiation by long UV plus visible light (340-600 
rim) for 20 rain. Note a marked elongation and elaboration of the dendritic processes of the melanocytes. ￿ 
350.  (c) An immediate tanning reaction biopsied at 24 h  after irradiation by long UV plus visible light 
(340-600  rim).  Note  that  the  dendritic processes,  which  had  been  markedly  elongated at 0  min after 
irradiation,  became  less  developed  and  probably contracted,  x  350.  (d)  A  delayed  tanning  reaction. 
Biopsied at day 5 after irradiation of long plus middle UV (290-340 nm). Note an increase in the size of the 
perikaryon and a  marked elongation of the dendritic processes.  ￿  350.  (e) A  delayed tanning reaction. 
Biopsied at day  10 after irradiation of long plus middle UV (290-340 nm). Compared with Fig.  1 d, the 
elongation of the dendritic processes became less than at day 5, but is still more than before irradiation. 
(See Fig.  1 a.) ￿  350. 
100-A  filaments  were  so  densely  aggregated  that 
they  formed  bundles  containing  20-30  filaments 
and,  rarely,  as  many  as  200  (Fig.  2  b),  The 
filaments did  not  run  a  long course and  were  not 
parallel with each other (Fig.  2  c). 
The microtubules, which were much less promi- 
nent in comparison with the 100-A filaments, were 
also found around the perinuclear area  (Fig.  2 b), 
and did not have any direct contact with the 100-A 
filaments. 
FIGURE  2  Normal unirradiated buttock skin. (a) A caucasoid. There are four melanocytes (MC). Note 
that each melanocyte contains dense aggregates of filamentous organelles (arrowhead) around the nucleus. 
Only a few dendritic processes (DP) can be seen.  Keratinocyte (KC). ￿  4,100. (b) A high power view of the 
portion of the melanocyte shown in Fig.  2 a.  Note that the dense perinuclear filamentous organdies are 
composed of 100-A filaments (F) and microtubules (MT) that intermingle closely with each other. Around 
these two organdies are scattered melanosomes (MS) in unmelanized stages, mitochondria, and ribosomes. 
￿  36,000.  (c) A negroid. Note the clusters or bundles of 100-A filaments (F) present in the center of the 
perikaryon. In contrast to a caucasoid subject (Fig. 2 b), the melanosomes (MS) are numerous, x  15,000. 
482  BRIEF  NOTES BRIEF NOTES FIGURE  3  A  high  power  view  of the dendritic processes of melanocytes, immediately after  IT.  (a)  A 
dark-skinned caucasoid subject. The dendrite is aggregated with a bundle of 100-A filaments (arrows) that 
runs a long course in the center of the dendritic process (DP). Note an absence of 100-A filaments along the 
plasma membrane. There are a few filaments around the nucleus (N) ￿  29,000. (b.) A negroid subject. Note 
the  100-,~  filaments and  melanosomes that  intermingle closely.  The melanosomes in  the center  of the 
dendrite are embedded in the network of the 100-A filaments; the melanosomes (MS) close to the plasma 
membrane are not related to the bundles or network of 100-A filaments. Keratinocyte (KC), desmosome 
(DS).  ￿  49,000. FIGURE 4  UV-irradiated melanocytes during a delayed tanning reaction. Biopsies were obtained from 
caucasoid buttock skin. (a) At day 10 after irradiation. Note the two melanocytes  (MC) in the basal layer of 
the  epidermis.  One  melanocyte  (left side) contains  many  melanosomes,  100-A filaments (F),  and 
microtubules that are intricately intermingled in the perinuclear area and endoplasmic regions. The other 
melanocyte (right  side), however, does not  contain  many  melanosomes. The  100-A filaments and 
microtubules in this melanocyte are densely aggregated in the perinuclear area. Dendritic process (DP). ￿ 
7,900. (b) A high power view of Fig. 4 a. Note an abundance of 100-A filaments scattered diffusely  in both 
the perinuclear area and cytoplasm. ￿  22,000. 
AFTER  EXPOSURE  FOR  THE  IMMEDIATE 
TANNING  REACTION:  Attime0min, immedi- 
ately after IT, the split-DOPA preparation showed 
that  the  dendritic  processes  of  the  melanocytes 
were markedly extended (Fig. 1 b). A most notable 
change was observed in the distribution pattern of 
the  100-A filaments and melanosomes. The 100-A 
filaments were rarely seen around the nuclei after 
irradiation (Fig. 3 a). The aggregates, or bundles, 
of intermingling 100-A  filaments were  invariably 
seen shifting from the perinuclear area toward the 
dendrites (Fig. 3 a).  Melanosomes were prominent 
in the dendrites and were closely associated  with 
the bundles of 100-A filaments. Occasionally, the 
melanosomes appeared to be encircled by a "net- 
work"  of  IO0-A  filaments.  In  the  tip  of  the 
dendrites, the melanosomes were occasionally lo- 
cated  outside  the  network  of interlocking 100-A 
filaments (Fig.  3  b).  The  100-A  filaments were 
never closely associated with  plasma  membrane, 
even after an irradiation. 
The microtubules were seen in the periphery of 
the  perikaryon and, very rarely, in the dendrites 
(Fig. 3 a, b). They were located beyond the  100-A 
filament bundles and  close  to  the  plasma  mem- 
brane of the dendrites. 
At 24 h after IT, the elongated dendrites became 
less  extended  (Fig.  1  c).  The  100-A  filaments 
became densely aggregated in the perinuclear area. 
The melanosomes in the melanocytes became less 
visible. 
AFTER  EXPOSURE  FOR  THE  DELAYED 
TANNING  REACTION~  At  day  5,  the  split- 
DOPA  preparation  showed  marked  elongation 
and arborization of the dendrites and hypertrophy 
of the  perikaryon of the  melanocytes (Fig.  1 d). 
The  100-A  filaments  and  melanosomes  showed 
again a distinct distribution pattern. In contrast to 
BRIEF  NOTES  485 FIGURE 5  Cytochalasin- and  vincristine-treated skin. 
(a) UV-irradiated caucasoid buttock skin treated  with 
cyto-B (10 #g/ml) for 3 h.  Although the membranous 
structures around the  melanocyte (MC) and keratino- 
cytes  (KC) are  swollen, the  100-~ filaments in  the 
melanocyte do not appear to be affected by cytochalasin, 
and form clusters or bundles in the perinuclear areas as 
well as in the dendrites. Note that the bundles of 100-,~ 
the  findings after  IT,  the  100-A  filaments and 
melanosomes were present in the dendrites and in 
the  perikaryon.  In  the  perikaryon,  the  100-A 
filaments were  found either  forming bundles or 
scattered  randomly around the  melanosomes. In 
the  dendrites,  the  microtubules  were  still  very 
rarely seen. Again, as after IT, melanosomes were 
scattered among the aggregates of 100-A filaments 
and  some  of  them  appeared  to  be  encircled  by 
these filaments. 
At day  10,  the  perikaryon and dendritic proc- 
esses  of the  melanocytes became  less  prominent 
than they were at day 5 (Fig. 1 e). Throughout the 
entire perikaryon, most of the  melanocytes con- 
tained  diffusely  scattered  100-A  filaments,  mi- 
crotubules, and melanosomes (Fig. 4 a  and b). 
Changes in the Number of Melanosomes in 
Epithelial Cells after U V Irradiation 
Before  and after irradiation for IT, the melano- 
somes  per  cell were  counted,  under the electron 
microscope,  in  50  basal  epithelial  cells  in  10 
subjects  of  three  races.  After  IT,  a  significant 
increase in the number of melanosomes was seen in 
the  epithelial  cells  (to  which  melanosomes  are 
normally transferred).  Because  the  biopsies were 
taken  immediately after  20-min UV  irradiation, 
and new synthesis of melanosomes takes place at 
24-48  h  after  exposure  (8),  we  suggest  that  the 
significant  increase  of  melanosome  densities  is 
related  to  translocation of the  100-A  filaments, 
followed  by  actual  transfer  of the  melanosomes 
from the melanocytes into the epithelial cells. 
Effect of Cytochalasin-B and  Vincristine 
Sulfate on the Melanocytic Filaments 
In the tissue incubated with  cyto-B, there were 
no obvious changes in the distribution pattern and 
ultrastructure of the  100-A  filaments (Fig. 5 a), 
whereas  in  other  tissues  taken  from  the  same 
donors  and  incubated  with  VCR  in  the  same 
manner, the melanocytes contained aggregates of 
lattice (5 ug/ml) or crystalloid (10 #g/ml) forms 
(Fig. 5 b), These aggregates, however, did not have 
filaments run a long  course in the center of the dendritic 
process (arrows). x  10,000. (b) Unirradiated caucasoid 
buttock skin treated with VCR (5 zg/ml) for 3 h. Note 
the bundles of 100-•  filaments (F) and the aggregates 
of a lattice pattern (LP). x 43,500. 
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Comparison of the Number of Melanosomes per Basal Epithelial Cell before and after UV Irradiation* 
Buttock  Forearm 
Case  Before  After  t test  Case  Before  After  t test 
1  (cau)  13 ~- 7  23 + 13  P < 0.005  1 (cau)  16 •  3  26 + 18  P < 0.005 
2 (cau)  82 •  31  124 •  52  P < 0.005  2 (cau)  25 •  19  39 + 19  P < 0.005 
3 (cau)  54 +  17  80 + 39  P < 0.05  3 (mon)  49 •  23  96 •  33  P < 0.005 
4 (mon)  61 •  28  91 •  33  P < 0.005  4 (cau)  132 •  69  200 •  114  P < 0.05 
5 (cau)  44+20  53•  P<0.1 
6(neg)  111 + 43  141 •  53  P < 0.05 
* Melanosomes per cell were calculated randomly, in 50 epithelial cells containing a nucleus, before and after an 
immediate tanning (IT) reaction. 
Degree of freedom = 98 in all cases. 
Each value is presented as Mean +  standard deviation. 
Cau, caucasoid. 
Neg, negroid. 
Mon, mongoloid. 
any direct continuities with the bundles of 100-A 
filaments. 
DISCUSSION 
The  present  study  clearly  indicates that  human 
melanocytes in vivo contain  100-A  filaments but 
no thin (i.e.  50-70 A) filaments. It may, however, 
be possible to find these thin filaments in melano- 
cytes in vitro, in which some kind of organelle may 
be necessary to maintain the  attachment of mel- 
anocytes to  the  surface  of the  culture glass and 
also,  probably,  to  cause  the  locomotion  of  the 
melanocytes. Wikswo and Szabo (17)  found that 
cultured  guinea  pig  melanocytes  contain  thin 
(30-70  A)  and  thick  (60-110  A)  cytoplasmic 
filaments. Jimbow  and  Davison, however,  found 
that  these  guinea  pig  melanocytes in  vivo,  like 
human melanocytes, do not contain any of these 
thin  filaments, (K.  Jimbow,  and  P.  F.  Davison, 
unpublished data).  They also found two  types of 
cytoplasmic filaments (intermediate [100-A], and 
thin [50-70 A] filaments) in cultured retinal pig- 
ment epithelium, which contains another type of 
melanosome-synthesizing  cell and is derived from 
the  optic  nerve cup.  The  100-A  filaments in the 
cells of these tissues were located primarily in the 
perinuclear area and endoplasmic regions, whereas 
the  50-70-A  filaments  were  just  beneath  the 
plasma membrane, exhibiting periodic densities, or 
Z  bands (18). 
We  presume  that  100-A  filaments  in  human 
melanocytes are involved in the elongation of the 
dendrites as well as in the movement and transfer 
of  melanosomes.  We  do  not  think  that  mi- 
crotubules are directly involved in the melanosome 
movement, although they may be involved in the 
elongation of  the  dendrites.  This  assumption is 
based  on  our  findings that  (a)  melanocytic fila- 
ments changed their location while the dendrites 
changed their shape after the UV irradiation; (b) 
the melanosomes changed their location, shifting 
from  the  perinuclear  region  to  the  tip  of  the 
dendrites, and thus more of them were transferred 
to the epithelial cells during this reaction (Table I); 
(c)  melanosomes in the dendrites were  embedded 
in bundles of the  100-A  filaments and were  inti- 
mately encircled by some of them; (d) there was no 
morphologic  interconnection  between  mi- 
crotubules and melanosomes whatsoever; and (e) 
microtubules were  very  rarely  seen  in  the  den- 
drites. 
Our  present  study  greatly  differs  from  previ- 
ously  reported  studies  indicating  that  in- 
tramelanocytic movement of melanosomes is me- 
diated through microtubules or cytochalasin-sensi- 
tive thin filaments (1,  11,  12). Robison and Chad- 
ton, however, recently found that cytochalasin and 
vincristine  do not inhibit the movement of pigment 
granules in chromatophores (15), thus correlating 
with our assumption that the cytochalasin-insensi- 
tive  and  vincristine-insensitive 100-A  filaments, 
not the microtubules, promote the translocation of 
melanosomes.  Their  findings  that  cytochalasin 
does, however, inhibit the development and elon- 
gation  of  chromatophore  dendrites  may  be  ex- 
plained by the data of Everhart and Rubin (3), who 
BRIEF NOTES found  that the  surface  of the  plasma  membrane, 
rather than the 50-70-A  filaments, is the primary 
site for the effect of cytochalasin. The melanocytic 
filaments appear also to be involved in the transfer 
of  melanosomes  from  the  melanocytes  to  the 
epithelial cells, inasmuch as there is an increase in 
the  number  of  melanosomes  transferred  to  the 
epithelial cells during the rapid translocation of the 
100-A filaments (Table I). 
SUMMARY 
Human  melanocytes  characteristically  contain 
100~/~, filaments. These  100-A filaments shift from 
the perinuclear area to the center of the dendritic 
processes and are in close association with melano- 
somes during the different stages of UV-mediated 
melanin  pigmentation.  We  suggest  that  these 
100-A filaments in human melanocytes participate 
in  the  elongation  of  the  dendrites  and  in  the 
transfer of melanosomes. 
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